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double chloride of aluminum and potassium the chances of se- 
curing pure alumina are very favorable. Upon heating to a 
dull red heat, aluminum sulfate breaks down into alumina with 
liberations of sulfuric acid (SO,) and the potassium sulfate can 
then be leached aTTay. In the case of a double chloride of 
aluminum and potassium a t  a very low heat in the presence of 
the vapor of n-ater, hydrochloric acid is given off with the forma- 
tion of alumina; the chloride of potassium remains and can be 
leached aivay from the alumina. 
To secure pure alumina from the above solution of chloride 

or sulfate salts with phosphoric acid is promising. The potash 
alum, however, cannot be separated by crystallization. By 
precipitation with sodic or potassic aluminate, if too much of 
either of these salts be not used, pure phosphate of aluminum 
may be secured. 

POTASH PHOSPHATE FERTILIZER 

In the foregoing. I have described the sintering a t  a compara- 
tively low temperature of rock phosphate and potash silicates. 
T wish to call attention to  the fact that this mixture is in some 
cases of greater fertilizer value than rock phosphate when used 
alone: for this use sinter and treat with the proper amount 
of sulfuric acid or of hydrochloric acid, if hygroscopic properties 
are not detrimental. By this new process the silica has taken 
the place of much acid that  would be required, and the product 
is not loaded down with calcium sulfate, but instead, is loaded 
with potassium sulfate m-hile the lime and silica is in such form 
as to be sufficiently soluble to  furnish silica to plant food; fur- 
ther, the soluble lime is in a condition to act on the potash 
minerals in the soil displacing pc tash and thus rendering more 
potash available for plant food. 

THE SERPEK PROCESS FOR THE MANUFACTURE O F  
ALUMINIVM NITRIDE‘ 

By J. \I-. RICHARDS 

-~ 

The production of aluminium nitride (AlN) on a commercial 
scale is proposed in the process of Ottokar Serpek, followed by 
the decomposition of the same by water or caustic soda solution, 
thereby liberating the nitrogen as ammonia and producing alka- 
line aluminate solution from which pure alumina can be obtained. 
This rather daring chemical proposition has directed attention 
to aluminium nitride, the conditions of its formation and its 
properties. 

Thc existence of aluminium nitride was suspected for some 
time before i t  was isolated. A rather indefinite number of years 
ago, about 1890, the writer’s attention was directed by his father 
to  the fact that  when metallic aluminium in a melted condition 
was skimmed and the skimmings or dross laid to  one side, that  
on sprinkling water upon them these skimmings gave off an odor 
of ammonia. The only explanation which came then to be 
figured out  for this phenomenon was that  the hot aluminium 
in the skimmings oxidized to alumina, and that  the rather high 
temperature thus produced locally caused the aluminium also 
to  unite with the nitrogen of the air and form the nitride. In 
other words, that  the aluminium united first with the oxygen 
and immediately thereafter also with the nitrogen of the air. 
On sprinkling these with water, the nitride would react according 
to  the following reaction: 

In the light of subsequent investigation and formation of alu- 
minium nitride in other ways i t  appears that  the explanation given 
in these early days was correct and that aluminium nitride is 
formed directly under such conditions from metallic aluminium 
and the nitrogen of the air. 
Le Verrier, later, proved the presence of traces of nitrogen 

in commercial aluminium by dissolving i t  in caustic potash and 

2 AlN + 3 H,O = &ll2O3 + 2 NH,. 

1 Address presented a t  the JointMeeting of the American Electrochemical 
Society, American Chemical Society and Society of Chemical Industry. 
Chemists’ Club, iSew York, Februam i, 1913 

passing the nitrogen evolved into Nessler solution, and obtain- 
ing from i t  the ammonia reaction. He thus proved the pres- 
ence of nitrogen in the metal and suspected it to occur as alu- 
minium nitride dissolved in the excess of metal. In further 
experiments he treated aluminium with a current of nitrogen 
gas until it  was saturated and noted that  this produced consider- 
able diminution in the tensile strength, elastic limit and elonga- 
tion of the metal. 

Prof. Mallet later obtained aluminium nitride corresponding 
closely to the formula AlN by heating metallic aluminium in a 
carbon crucible to a moderate temperature for several hours 
in contact with dry sodium carbonate. Some alumina is formed, 
some sodium vaporizes and some carbon is deposited; the re- 
action is probably as follows: 

3Al + Na,CO, + r\‘ = A1N + A1,0, + C + aNa. 
Aluminium nitride containing 34 per cent. nitrogen and 66 

per cent. of aluminium was obtained as little, yellow crystals 
and amorphous drops. When calcined in the air it  was found 
to  lose nitrogen and form alumina; it is decomposed in moist 
air losing its transparency, becoming lighter yellow, evolving 
ammonia gas and finally leaving the alumina residue. Caustic 
potash solution and melted caustic potash both attack it actively, 
disengaging ammonia and forming potassium aluminate. 

A later experimenter described the compound as a gray 
amorphous powder, but with properties otherwise similar to 
those described. 

Coming now to the work of Serpek. we find his first proposi- 
tion seemed to be the production of aluminium nitride from 
aluminium carbide, which is indeed a possible reaction. In his 
U. S. Patent, 867,615 (filed June 19, 1906, and issued October 
8, 1go7), he describes the passing of nitrogen or a gas containing 
nitrogen over aluminium carbide as an initial material heated 
to red heat. He describes the volume of the carbide increasing on 
being converted into nitride, and says that the absorption of nitro- 
gen was increased by diluting the carbide with such materials as 
carbon or alumina or aluminium chloride; also that  traces of 
hydrochloric acid or sulfur dioxide in the gas currents facilitated 
the conversion. The claims of this patent are essentially for 
the method of producing aluminium nitrides bj- heating alumin- 
ium carbide in an atmosphere containing nitrogen to a red heat 
with or without the diluting substances admixed and with or 
without traces of acid gas in the nitrogen used. 

Attention may be called to the term “aluminium nitrides” 
in this patent, corresponding to the fact that in the product 
thus obtained by Serpek he found that part of the nitrogen in 
the product was driven off by contact with air, and a further 
part by boiling with mater, and a still further part by treatment 
with caustic alkali solutions. .These facts pointed to the non- 
homogeneity of the product, which thus appeared to consist 
of a mixture of different nitrides instead of one distinctive chem- 
ical compound. 

Continuing his work we find that  Serpek later concluded 
that  i t  might be possible to obtain nitride directly from mixtures 
of alumina and carbon, which i t  will be recalled he used as diluent 
substances in the conversion of the carbide. He was apparently 
not able to  produce nitride directly from these two substances, 
but found that  in the presence of a small amount of a metal such 
as copper or iron, which is capable of forming an alloy with alu- 
minium, the formation of nitride from the mixture took place. 
In his U. S. Patent, 888,044 (filed May 24, 1907, and issued 
May 19, 1908), he describes mixing alumina with carbon in the 
proportions necessary for the formation of CO gas (A1,0, + 3C) ,  
adding about j per cent. of either copper or iron, or a mixture 
of the two, and heating the mixture t o  a red heat in a current 
of nitrogen gas, a t  which temperature the partial formation of 
an alloy of aluminium produced by reduction, with the copper 
or iron, would be initiated. The idea seems to have been 
to produce a mixture on the point of reaction from its 
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constituents and then to superadd the influence of the current of 
nitrogen gas. Traces of HC1 orSO, gases are said to facilitate this 
reaction also, and the product is described as almost pure alu- 
minium nitride. The reaction is said to develop a high 
temperature as soon as it is initiated. The claims are for pro- 
ducing aluminium nitrides by heating the mixture of alumina 
with carbon and a metal capable of forming an alloy with alu- 
minium, to  red heat in an atmosphere containing nitrogen, with 
or without the presence of small amounts of acid gases. 

It is evident that  in this method the conversion of alumina 
into aluminium nitride was aimed at ,  with the assistance of 
small amounts of metals as catalytic or assisting agents. What- 
ever may have been the results of the previously described pro- 
cess i t  led the investigator in the end to the method described 
in Serpek's U. S. Patent, 987,408 (filed December 15, 1909, 
and issued March 21 ,  I ~ I I ) ,  in which aluminium nitride is 
produced directly from A1,0, and carbon in the presence of nitro- 
gen, a t  a much higher temperature than previously recommended 
This patent appears to be the result of considerable investiga- 
tion on the conditions of this direct production and specifies 
very satisfactorily the temperatures a t  which the direct con- 
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by heating aluminous compounds and carbon, or more specifically 
alumina and carbon, in an atmosphere containing nitrogen to 
temperatures not exceeding 2000' C., and preferably about 
1 8 0 0 ~ .  

Reference may very properly be made a t  this point to the 
experimental investigation and confirmation of these results 
by Prof. S. A. Tucker and Henry L. Read presented to  the 
Eighth International Congress of Applied Chemistry and pub- 
lished in its transactions and in Volume 2 2 ,  Transactions of the 
American Electrochemzcal Society. This investigation, carried 
on in the electrochemical laboratory of Columbia University 
under carefully regulated conditions, showed traces of nitrogen 
absorbed at temperatures of 1000 to 1100' and as much as 
30 per cent. of nitrogen in selected portions of the product made 
between 1800 and 1900~.  The product made a t  higher tempera- 
tures contained less nitrogen and was either sintered or fused. 
Impure alumina, such as bauxite, was found to be converted 
more easily than pure alumina, and the various statements 
of the Serpek patents were confirmed and verified. 

Serpek's U. S. Patent, 996,032 (filed June 21, 1910, and issued 
June 20, 1911) contained a detailed description of the apparatus 

SERPEK APPARATUS: a, upper calcining kiln; b ,  lower nitriding kiln; c, vertical connecting chamber; 
CI, cz,  c3, CP, air inlets; d ,  e ,  electric resistance sectional heater connections; f ,  electrical resistors: g;inlet for pro- 
ducer gas; h,  discharge of nitride product; k, exit f o r  starch gases and inlet for ground bauxite; 1 ,  hopper for 
mixing calcined bauxite with carbon; m. calcined bauxite; B ,  ground carbon; 0, mixing of carbon with 
bauxite; .n, mixture descending to  lower kiln; 4 inlets to  lower kiln; d, gas exit from lower kiln; 5 ,  baffle 
plates to promote partial combustion of gas; r ,  flame inlet to  upper kiln. 

version takes place. The patentee speaks of the general sup- 
position that  extremely high temperatures would be required 
for such direct conversion, such as the highest temperatures 
of the electric furnace, but explains that  by careful investiga- 
tion he had found that  if the temperature is closely watched 
some combination of nitrogen with aluminium can be observed 
even at I I O O O  C.; that  a t  1500' nitrogen is absorbed fairlyrapidly, 
a t  1 7 w O  energetically, and that  a t  1 8 0 0 ~  to 1 8 5 0 ~  the reaction 
may be almost designated as violent, producing almost chem- 
ically pure nitride. Further, Serpek found that  temperatures 
higher than this gave a smaller yield and that  somewhere above 
2000' the production practically ceased, the decomposition 
temperature of the nitride appearing to be about 2120' C. 
This brilliant piece of experimental work really laid the founda- 
tion for the Serpek process as i t  now exists. The inventor 
further discovered that impure alumina, such as bauxite ore, 
was converted a t  somewhat lower temperatures than the pure 
material, evidently owing to the catalytic effwt of the impurities 
present. 

The claims of this patent are for producing aluminium nitride 

to the reacting temperature, 

._ 

intended for the commercial 
manufacture of the carbide 
from bauxite or other alumin- 
ium ores. The plant consists 
of two superposed rotating 
cylindrical kilns, similar in 
construction to  cement clinker- 
ing kilns. These kilns are in- 
clined in opposite directions, so 
that  the material being pre- 
heated in the upper kiln and 
passing from right to  left, for 
instance, falls into the opening 
of the lower kiln for treatment 
a t  a higher temperature, where 
it passes from left to  right. 
The bauxite alone is passed 
through the upper kiln, and 
there calcined, mixed with the 
necessary carbon in its passage 
from the upper to the lower 
kiln and the mixture treated 
by nitrogen at a high tempera- 
ture in the lower kiln, which is 
providedwith adetachableelec- 
tric resistance furnace about 
midway of this length, intended 
to heat the charge within 
about 1800' to  Iqoo' C. 

The material is discharged from the lower end of this kiln into 
an air-tight receiver. A large gas producer of the ordinary type 
furnishes producer gas (approximately CO, 2/3 nitrogen) to  
the lower end of the lower kiln. This gas entering a t  a tempera- 
ture of about 400'~ becomes highly heated as it passes through 
the kiln in a direction contrary to  the descending charge, and 
a t  the electrically heated zone, a t  a temperature of 1800 to 1900°, 
reacts upon the mixture forming nitride. After leaving the 
high temperature zone the gas, enriched in CO coming from the 
reaction, preheats the descending charge, issues from the upper 
end of the kilninto a vertically closed chamber and passes through 
it to the opening of the upper kiln, where it meets a blast of air 
which burns i t  for the purpose of heating the contents of the 
upper or calcining kiln. 

The apparatus as thus described achieves a methodical heat- 
ing of the reacting mixture, utilizes the CO gas made in the pro- 
ducer and also that  evolved by the reaction in the furnace, 
aims a t  an intimate mixture of the charge by the rotation of the 
cylinders, and intimate contact of the nitrogen with the charge. 
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The inventor states that  the silica impurity of the ore is mostly 
volatilized (probably as reduced silicon) from the charge a t  the 
reacting temperature and is thus carried out in the gas; and that  
the apparatus may be used for producing other nitrides made 
by analogous reactions. 

The claims cover a n  apparatus comprising the features of 
a revolving inclined upper cylinder discharging into an inclined 
lower cylinder revolving in the opposite direction, through a 
vertical chamber in which the gas from the lower cylinder may 
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be burned, combined with a detachable electric resistance 
heating furnace within the lower cylinder. One claim is for 
the single feature of a rotating calcining cylinder carrying a 
detachable electric resistance furnace. 

Undoubtedly a large amount of excellent investigation has 
been put  upon this process, and i t  deserves commercial success. 
The method is being tested upon :a large experimental scale 
in France. 

LEHIGH UNIVERSITY 
SOUTH BETHLEHEM Pa. 

CURRENT INDUSTRIAL NEWS 
By W. A 

SULFUR MINING I N  TEXAS 
While the sulfur mining industry near Freeport, Texas, is, 

according to correspondence to  The American Fertilizer, 38, 5 0 ,  
as yet  more or less in a preliminary stage, the preparations 
which have been made for carrying i t  on and the claims which 
are set forth by the promoters of the new project, indicate that  
i t  may, perhaps, reach very large proportions. The sulfur 
deposits are owned by a syndicate of bankers and financiers, 
who also purpose carrying out the development, and the con- 
struction of a terminal system and port facilities. 

Attention was attracted several years ago to  the sulfur possi- 
bilities of the Freeport section of Texas, when several wells that  
were bored in search of oil upon Bryan Heights penetrated a 
deposit of sulfur a t  a depth of joo-900 feet. Systematic boring 
operations were then begun and these, i t  is said, demonstrated 
that  the entire mound is underlaid by the sulfur deposit, “the 
available supply” from which “is practically unlimited.” In 
December, 1912, the syndicate installed equipment upon the 
property, bringing the sulfur to the surface by the process in use 
in Calcasieu Parish, near Lake Charles, La. The mining equip- 
ment so far installed consists of a 6,000 horse-power boiler plant 
and the necesssary pumping machinery for forcing steam into 
the well in operation. 

-~ ~ 

NEW USES FOR NAPHTHALENE 
The available annual supply of naphthalene may be thus 

expressed: Germany, I j j , O O O  tons; England, 126,000 tons; 
France, 14.000 tons; and Belgium, 12,000 tons. Reference has 
already been made in THIS JOURNAL, 4, 308, to  the use of 
naphthalene as an extraction agent; attention may be directed 
now to the use of an addition of naphthalene in the briquetting 
of bituminous coal (Grahn, Glzickauf, October 26, 1912) and to  
the employment of naphthalene as a fuel for explosion engines 
(Ventou-Duclaux, LVIem. Comet. rend. Trav., Soc. Ing. Civ., 65 ,  
514, j98) .  The use of naphthalene in these connections is sug- 
gested by its low price and available supply. 

When used as a fuel for explosion engines, special apparatus 
is necessary in order to obtain the explosive mixture of air and 
naphthalene, since the melting point of naphthalene ( 5 9 O  C.) is 
well above atmospheric temperature. Nevertheless, a number of 
advantages are gained thereby, viz.: ( I )  LOT cost, which may 
be only 50.0064 per horse-power hour; (2) security- from fire; 
and (3) uniformity of composition. Naphthalene has been se- 
lected as the fuel for locomotives on the Trans-Siberian Railway. 

NEW DEPARTURES I N  ALUMINUM PLATE 
An English concern xhich manufactures aluminum plate and 

vessels has had increasing success in introducing autogenously 
welded aluminum plate into various chemical industries. Ref- 
erence has been made in THIS JOURKAL to the employment 
of aluminum in the brewing industry; it may be men- 
tioned here that  aluminum apparatus is now being used abroad 

HAMOR 

in the manufacture of essences and sirups, in varnish-making. 
in the fatty acid and edible oil trades, and in handling nitric acid, 
Aluminum storage tanks are said to be very appropriate for 
containing extracts, essences and essential oils; they are highly 
resistant to  the acids contained therein, they are cheaper than 
copper, and they are light, clean, and unbreakable. Over 50 
firms now use aluminum pots in the varnish-making industry 
(Chew. Trade J , ,  5 2 ,  103); in addition to giving improved color, 
the metal itself is said to have proved highly resistant to the 
heat and action of the fire gases. “By using a thinner pot, a 
well-known Midland firm runs gums two shades paler than when 
using a standard thickness aluminum pot.” An especially 
strong aluminum alloy has been introduced for making stirrers, 
in order t o  avoid the cxccssive abrasion of copper pots caused 
by steel stirrers. Aluminum has also proved itself to be durable 
under the conditions of high temperature. pressurc and vacuum 
encountered in the fatty acid and edible oil trades, and i t  is said 
to result in freedom from taste and color; “bcsidcs its use for the 
neutral oils, aluminum has been adopted by some of the largest 
firms in the country for dealing with the fatty acids” ( Ib id , ) .  
n‘elded aluminum tanks arc now being employed for blending 
and measuring acids, as well as for piping for conveying the acid 
in the works; a number of aluminum tank cars have bccn con- 
structed during 1912 for the conveyaiice of strong nitric acid in 
bulk, and the success of aluminum for this purpose is reported to 
be favorable, although only one such tank is nosy in service. 

THE PAPER INDUSTRY O F  NORWAY AND SWEDEN 
X review of the pulp and paper markets in Norway and Sweden 

in 1912, which appears in the December 2 1 ,  1912, issue of Farm- 
and, contains the following statements regarding pulp production : 

The production of sulfite cellulose in Norway and Sweden 
for export and for domestic consumption has bern in recent 
years as follows, the figures being approximate estimates in 
tons of 2,000 lbs. : 

1912, 992,079; 1911, 824,16j; 1910, 809,096; 1909, 61 j,089; 

The production for 1913 is estimated a t  approximately 
1,ozj,148 short tons. 

The production of sulfate cellulose in the two countries was 
188,49j short tons in 1911, and is estimated a t  about 203,927 
short tons for 1912 and 212,746 short tons for 1913. 

The most recent of the new sulfite mills, which xvere erected 
in the two countries as a result of the market conditions in 1908, 
has come into full operation during 1912 and will reach its full 
production in the course of 1913. 

The increase in production for the year 1912 is estimated a t  
about 149,914 short tons, bu t  the estimates for 1913 indicate 
a further increase of only 33,069 short tons. 

1908, 686,739; 1907, jj0,997; 1906, 140,924. 

1912 STATISTICS FOR GERMANY 
PIG IRON 

The folloiying table gives the total production of pig iron in 


